Objective-Extensive IgE serology in occupational or environmental health studies is often hampered by a lack of technical facilities and finance. The use in population studies of relatively simple and inexpensive enzyme immunoassays (EIAs) was therefore evaluated for the assessment of total serum immunoglobulin E (IgE), and of specific IgE reactions with various common (house dust mites, grass and birch pollen, and cat) or occupational (fungal a-amylase and rat urinary protein) allergens. pollen, birch pollen, and cat) were remarkably high (> 80%/o-90%) in the series of 116 children's serum samples. In a population of bakery workers the specificity of the EIAs was also very high (> 90%). The sensitivity was notably lower (30°/o-70%) in this adult population, which is, however, in agreement with results reported for conventional IgE tests. Conclusion-As the costs were estimated to be at least five to 10-fold lower than those of commercial test kits, the EIAs for total and specific IgE may be very useful tools in epidemiological studies of atopic respiratory or other disorders.
occupational or environmental health studies is often hampered by a lack of technical facilities and finance. The use in population studies of relatively simple and inexpensive enzyme immunoassays (EIAs) was therefore evaluated for the assessment of total serum immunoglobulin E (IgE), and of specific IgE reactions with various common (house dust mites, grass and birch pollen, and cat) or occupational (fungal a-amylase and rat urinary protein) allergens. Methods-Total IgE was measured with a sandwich EIA, calibrated with commercially available IgE standards. Reproducibility was studied by testing pooled normal human serum samples in each of a large series of test plates. A panel of 156 children's serum samples with known IgE values was used to compare the assay with other total IgE assays. A previously developed EIA for anti-yeast IgE was adapted for the measurement of IgE reacting with various common and occupational allergens. Binding of IgE to microwells coated with commercially available allergen extracts, or allergen preparations from our own laboratory, was measured with a monoclonal antihuman IgE antibody and subsequent incubations with biotinylated rabbit antimouse Ig and avidin-peroxidase. Panels of serum samples from school children (n = 116), bakery workers (n = 126), and laboratory amal workers (n = 52) were used to study sensitivity and specificity, with reference to skin prick tests as the standard, and to compare the EIAs with commercially available test kits.
Results-The detection limit of the EIA for total IgE was 0-5-1 kU/l for undiluted serum samples, and the coefficient of variation between assays was less than 15% at serum concentrations between 1 and 150 kUWl. Results obtained with the panel of 156 children's serum samples were strongly correlated (r2 = 0-86) with IgE concentrations measured previously by radioinimunoassay. The results of the EIA for various occupational allergens correlated very well, both qualitatively and quantitatively, with the results of commercial test kits. Sensitivity and specificity of the EIA results as a predictor of skin prick test reactivity towards common allergens (house dust mite, grass pollen, birch pollen, and cat) were remarkably high (> 80%/o-90%) in the series of 116 children's serum samples. In a population of bakery workers the specificity of the EIAs was also very high (> 90%). The sensitivity was notably lower (30°/o-70%) in this adult population, which is, however, in agreement with results reported for conventional IgE tests. Conclusion-As the costs were estimated to be at least five to 10-fold lower than those of commercial test kits, the EIAs for total and specific IgE may be very useful tools in epidemiological studies of atopic respiratory or other disorders.
Atopy, defined as the presence of immediate type (type I) skin or bronchial hyperreactivity to specific allergens, is a major determinant in several occupational or Stock solutions of these allergens, prepared by dissolving lyophilised extracts at 1 mg/ml in fresh phosphate buffered saline (PBS; pH 7-0-7T4) could be stored at -20'C for several months without substantial loss of allergenic activity. In this study, however, new stock solutions were prepared weekly.
EIA FOR TOTAL IgE All incubations in the assays for total or specific IgE were performed with 0 1 ml aliquots, and each incubation was followed by extensive washing-three cycles on an automatic plate washer (LKB-Pharmacia) with PBS containing 0 05% (v/v) Tween-20. Coating was performed in PBS, and serum samples, immune reagents, and peroxidase conjugates were diluted and incubated in Tween-20 with 0 5% (w/v) gelatin.
Total IgE was measured in microwells coated overnight at 4VC with mouse monoclonal anti-IgE (1/4000 in PBS). Human serum samples were routinely added at dilutions 1/10, 1/20, 1/40, and 1/80 in Tween-20 with gelatin, and incubated for two hours at 370C. Binding of IgE to the wells was measured by incubation for one hour at 370C with peroxidase labelled mouse monoclonal antiIgE (1/1000), followed by an incubation of 30 minutes, at 20'C and in the dark, with ophenylenediamine (2 mg/ml) in 0 05 M citrate/phosphate buffer, pH 5.5, containing 0-015% H202. The enzyme reaction was ended by adding 0 05 ml 2 N HCl, and the optical density was read at 492 nm.
The assay was calibrated with reference preparations for total IgE (1000 and 2000 kU/l) from Kabi-Pharmacia (No 10-9123-01). In each microtitre plate serially diluted reference samples were included and a calibration line was obtained for IgE concentrations ranging from 0-05 to 10 kU/l. These calibration lines, and the dose-response curves for serum samples showed a linear relation between concentration and optical density up to optical density values > 2-0 ( fig 1) . Concentrations of IgE in test samples were therefore measured by direct interpolation of the observed optical density on non-transformed calibration lines, provided that the optical density values were in the range between the mean (3 SDs) of the reagent blank (no serum control), and an upper limit of 2-5. When the results of more than two serum dilutions did not meet these criteria because the IgE concentration was too high In log log plots the slopes of all curves, including that of the standard, were close to 1- AlaSTAT (milli optical density (10-3xOD)/min) and specificity were remarkably high (fig 3) , whereas in the population of bakers a generally high specificity was combined with a moderate or even poor sensitivity (fig 4) . fig 6) . Although both assays showed a relatively low sensitivity in detecting subjects positive in skin prick tests (30%-35%), their specificity was > 90%, and the results of the two in vitro assays were strongly correlated, both qualitatively and quantitatively. Thus, a (Pearson) r2 of 0-92 was calculated for log transformed optical density values obtained with the serum samples of subjects positive in skin prick tests.
Discussion
Assessment of total serum IgE is usually included in routine IgE serology, as enhanced total IgE-at least in populations with a low prevalence of helminthic infestation-can be a rather general marker of already existing atopy, or of an inherited atopic predisposition. Thus, total serum IgE may be of predictive value for the development of common or occupational allergic disease in cohort studies.10O3 In at least one large population study, the relation between the prevalence of asthma and total serum IgE was apparent over the whole range of IgE concentrations,13 which may point to the importance of accurate IgE measurements in clinically normal ranges, thus below 100-150 kU/l.
The EIA described here seems to meet these requirements. In general, sandwich EIAs should be performed with antibodies directed against different epitopes. In this particular case, however, the assay makes use of the symmetric structure of the IgE molecule, in that IgE antibodies are captured between two identical monoclonal antibodies-one coated to the microwells and one labelled with peroxidase-recognising an epitope in the CH2 domain of each IgE H chain.'8 The spatial structure of the CH2 domains in the IgE Fc region is apparently such that steric hindrance does not occur, and a detection limit of 005-0 1 kU/l-corresponding to about 0 1-0 2 ng/ml-is reached. Thus, with our routine procedure serum IgE concentrations between 1 and 150-200 kU/l can be measured with high accuracy. In our experience until now, a second test-usually at higher serum dilutions, because of too strong reactions of the routinely applied serum dilutions-is indeed required for only 5%-10% of serum samples from random (control) populations, and for 10%-20% of serum samples from subjects who on the basis of a questionnaire are classified as cases because of the presence of respiratory symptoms. Retesting because of a difference of > 15% for total IgE values measured at different serum dilutions, is only incidentally required, usually because of technical failures.
More direct and specific assessment of atopy is provided by assays for allergen specific IgE. Most laboratories use commercially available test methods, which have been developed to meet the strong requirements for individual clinical diagnosis. The use of these assays in occupational or environmental epidemiological studies, however, has several disadvantages. Identification of unknown allergens in dust samples from the workplace or a dwelling's indoor environment may require a more flexible test system in which the allergen content-the presence of specific IgE binding components-of several dust samples can be easily tested. In such cases freshly prepared extracts from dust samples have to be immobilised on a carrier, and subsequently incubated with serum IgE antibodies of exposed subjects. Of the test systems already mentioned only the RAST method with activated, non-occupied discs can be used in this way, but even then the procedure is relatively laborious. Another major drawback might be the costs of the commercial kits, particularly when in population studies for each individual participant a complete IgE profile has to be obtained with a panel of occupational and common allergens.
Until now, application of EIA methods in IgE serology has been reported only incidentally.'9-21 One reason might be the often comi plex, and sometimes variable, biochemical nature of allergen preparations, which may seriously affect the coating of the relevant allergen molecules to microtitre wells, and presentation of their epitopes for IgE binding.
In our previous studies on anti-yeast IgE, '4 15 several types of microtitre plates and coating buffers had to be tested when optimising the method. Nevertheless, in our present studies most conventional microtitre plates and simple PBS as the coating buffer provided suitable test conditions for most common environmental and occupational allergens. Actually, we already used the same procedure for the assessment of IgE reacting with various other allergens, including pig urinary proteins, storage mite extracts, dog allergens, peanut and soy allergens, and also a low molecular weight component like chloramine-T, which was coupled to microwell coated human serum albumin, analogous to a previously described radioimmunoassay. 22 An obvious disadvantage of the EIAs for allergen specific IgE may be the lack of standardisation, which for the moment precludes a quantitative comparison of the results of EIA with different allergens, and thus expression of data in a units/ml system as used in the various commercial test methods. At present we mainly use the results of our EIAs qualitatively, which in many population surveys may be sufficient to classify people as atopic or non-atopic, or as being reactive to a particular allergen. The routine procedure applied so far consists of testing on each day restricted numbers of serum samples (seven/plate) on plates with microwells coated with four to six different allergens. As a consequence, there is only one control well (reagent blank) per allergen and per plate, and SDs might on some days be very low (< 0 005). This may result in relatively high numbers of serum samples that according to the low threshold criterion (table 1) figs 3 and 4) . For the children's population both sensitivity and specificity were remarkably high, such that the EIAs might be used as a full equivalent of the skin prick test. This would be an obvious advantage, if for some reason the atopic status of people has to be assessed retrospectively, in a study in which no skin prick test has been performed but serum samples have been collected and stored.
In the bakers' population the specificity of the EIA was also very good, whereas the sensitivity was considerably lower, varyingdepending on the chosen threshold levelfrom 27%-33% for cat allergen to 61%-81% for house dust mite allergens. These values might seem unacceptably low, compared with the usually reported 70%-90% for most allergens in studies comparing in vitro IgE assays with skin prick tests,23 27 although sensitivities as low as 50% are also found in some cases. Most reported studies are performed with test panels from clinical departments, in which serum samples from people with relatively strong in vivo and in vitro reactions might be overrepresented. In open populations the proportion of subjects with a weak and borderline reaction might be larger, and-assuming that in vitro assays are always less sensitive than the skin prick tests28 -this would result in a much lower sensitivity for in vitro assays in general. A better example might be found in previous studies on atopy among farmers. In such studies prevalences of positive skin prick tests for most common allergens were often two to threefold higher than for the corresponding RASTs.29 Other populations.
An important practical advantage of our IgE assays is their very low cost. Ordinary microtitre plates, conventional simple media, and highly diluted immune reagents are used, and the total costs per microtitre plate are less than $10 and $14 for the total and specific IgE assays, respectively. As in our routine procedures 20 
